Objective: Accumulation of reactive oxygen species and NO derivatives in the cell exerts damaging effects on its constituents, such as carbohydrates, proteins, lipids, and nucleic acids.. The search for antioxidant compounds capable of interrupting the pathological biochemical processes at various steps of oxidative and nitrosative stress development, and thus exerting prophylactic and therapeutic effects, is a priority for medical and pharmaceutical sciences. In this article we investigated the dependence of NO-scavenger properties of 3-benzyl(4-methylphenyl)xanthine derivatives from energy descriptors.
Introduction
Reactive oxygen species (ROS) are continuously made in a living cell as products of its normal metabolism [8] . They also play a role of mediators of important intracellular signaling pathways [1] . Increased production of ROS leads to development of oxidative and nitrosative stresses [6, 12, 14] .
In biological systems, NO is generated by catalytic action of nitric oxide synthase and the role of NO has become an important subject of research [11, 15, 17] . However, in pathological situations NO injure cells and tissues [13] .
The consequences of interactions of ROS and NO derivatives with their targets manifest in formation of oxidative and nitrosative stress products, undesirable for normal cell metabolism. Advanced oxidized plasma proteins (especially albumin) are produced during nitrosative stress, as well as advanced glycation ends products, the results of carbohydrate oxidation [17] .
Thus, search of compounds that could be used as NO-scavengers is actual task of modern pharmacology and biochemistry.
Quantitative structure-activity relationship (QSAR) represents the depending between the structure and biological (pharmaceutical or toxicological) activity of chemical substances [10] .QSAR-methods are very important for prediction of the pharmacological potency of structurally-related compounds [10] .
Xanthine derivatives are valuable class of natural organic compounds with wide spectrum of biological properties and pronounced antioxidant activity [3] [4] [5] 9] . In the previous work we described the ability of xanthine derivatives to NO-inhibition [2] . In continuation of previous research aim of this work was study dependence of NO-scavenger properties of 3-benzyl(4-methylphenyl)xanthine derivatives from energy descriptors.
Materials and Methods

Quantum mechanical calculations
For our research we made quantum mechanical calculations of next energy descriptors of molecular orbitals [10] : -energy of the lowest unoccupied molecular orbital -E(LUMO);
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-energy of the highest occupied molecular orbital -E(HOMO); -HOMO-LUMO gap -the energy difference between the HOMO and LUMO; -absolute hardness of molecule, that was calculated by the formula 1:
(1) -absolute electron negativity, that was calculated by the formula 2:
(2) -reactivity index, that was calculated by the formula 3:
Calculations were provided at program complex WinMopac (ver 7.2). The optimization of the structure was achieved using the semiempirical method АМ1 (descriptors -HOMOEnergy, LUMOEnergy) with such parameters: Calculation = SinglePoint, WaveFunction = ClosedShell (RHF).
Estimation of antioxidant activity (AOA) by inhibition of NO • -radical
The method is based on photoinduction of Sodium nitroprusside, which is accompanied by the accumulation of NO•-radical [16] . The strength of AOA was determined by the rate of ascorbic acid oxidation via the spectroscopic measurement of the absorbance of the sample at 265 nm. As a reference standard we used N-acetylcysteine (NAC) [7] .
At first were prepared water solutions of ascorbic acid and Sodium nitroprusside. Then, to the 0.01 ml of solution of Sodium nitroprusside (0.08 %) 0.01 ml of solution of ascorbic acid (0.6 %), 0.1 ml solution of examined compounds (in concentrations 10 -3 mol/l, 10 -5 mol/l or 10 -7 mol/l) and 3 ml of distilled water were added. After stirring reaction were started by immersion of the light source (300 W with λ = 425 nm) for 30 min. AOA were estimated by conservation of ascorbic acid concentrations.
АОА was calculated by formula 4:
where Еt -optical density of test sample; Еc -optical density of control sample.
Statistical analysis.
The statistical data analysis was carried out with the help of the software STATISTICA® for Windows 6.0 [18] . The data is presented as the sample mean ± the standard error of the mean. The fidelity of differences between experimental groups was estimated with the help of Student's t-test and Fisher's exact test.
Results
Quantum mechanical calculations
Provided calculations showed, that lowest HOMO energy had 3-benzylxanthinyl-8-propionic acid (compound 2) ( Table 2 ). It should be noted, that usage of ammonium, monoethanoleamine, morpholine and piperazine as bases increased of HOMO energy in comparison with initial acids. In the same time salts of acids had higher LOMO energy and higher energy gap. Addition of ester groups didn't have much effect on these energy descriptors.
Reactivity index of studied compounds was within -2.59686--2,72951. An it should be noted that initial acids had almost equal ω parameter and their further chemical modification decreased reactivity index of initial compounds.
Estimation of AOA by inhibition of NO • -radical
Compound 1-12 showed relatively high antioxidant properties and their values in some cases exceed the standard -NAC (Table 1) .
Thus, among all compounds, AOA was within 49.43%-98.45% (at concentration 10 -3 mol/l). The most active compound in this group was 3-(4-methylphenyl)xanthinyl-8-propionic acid 1, which exceeded index of AOA of NAC at 95.99%. At concentration 10 -5 mol/l activity of almost all compounds decreased (except compound 4), but most of compounds exceeded the effect of standart. At concentration 10 -7 mol/l, all of substances still showed activity, that was higher then effect of N-acetylcysteine. 
Discussion
In vitro study of 12 derivatives of xanthinyl-8-propionic acids have been shown that almost all compounds exhibit antioxidant properties. Obtained results also help us to establish some patterns of structure-activity relationship and some dependence from energy descriptors.
Basic structures -xanthinyl-8-propionic acids 1 and 2, showed antioxidant action in vitro on the model of nitroprusside photoinduced oxidation, due to their NO scavenger properties. Addition of ester groups to their structures mostly decreased antioxidant properties of initial compounds. Thus, propyl 3-(4-methylphenyl)xanthinyl-8-propionate 9 showed less pronounced effect in comparison with initial acid 1. The same effect had addition of ethoxy group to the structure of acid 2. Insertion of benzyl residue to the position 7 of xanthine molecule led to the decreasing of antioxidant properties.
Water-soluble salts of initial acids 3-8 in most cases had less pronounced antioxidant properties than acids 1 and 2. Thus, usage of ammonium as cation decreased activity of acids on 29.23 % and 15.2% respectively. Usage of secondary amines as bases also had negative effect: piperazine (compound 6) and morpholine (compounds 7 and 8) salts decreased antioxidant properties on 13.11%, 28% and 2.02% respectively.
During comparison of calculated energy descriptors with data of antioxidant properties of studied compounds we found that antioxidant properties mostly depended from LUMO energy. Thus, 3-(4-methylphenyl)xanthinylpropionic acid 1, that showed the most pronounced antioxidant properties, had the lowest LUMO energy between studied compounds. In the same time the highest LUMO energy had ammonium 3-(4-methylphenyl)xanthinylpropionate 4, that showed the lowest antioxidant activity among studied compounds.
Obtained results could be used for further search of NO-scavengers among xanthine derivatives.
